Ferrihaemoglobin has been known for many years to occur in blood under a great variety of pathological and experimnental conditions, but only recently has the suggestion been made that small amounts may also be present normally. The matter, however, is still a subject for controversy. Ammundsen (1941) has observed in 40 % of 82 normal human blood specimens that the carbon monoxide capacity of the fresh blood was less than the CO capacity after reduction with Na,S204, by amounts which varied up to 2-5 vol. %. The discrepancy, it is suggested, may be due to the presence of ferrihaemoglobin. These figures are supported by those of Havemann, Jung & Issekutz (1939) , in whose hands spectrophotometric methods have shown that in healthy persons up to 8% of the total blood pigment may be present as ferrihaemoglobin. On the other hand, Cox & Wendel (1942) , using a mnethod, (Wendel, 1938) which is claimed to detect ferrihaemoglobin spectroscopically when its concentration exceeds 4 % of the total pigment, deny the normal existence of ferrihaemoglobin in the blood of man and numerous other species. In the case of man, this is understandable, since only in a few individuals have other workers found the proportion to be above 4 -. This paper comprises the results of a gasometric investigation of normal human and horseblood, withl a view to the provision of further evidence on the point at issue. Ferrohaemoglobin has been determined, by means of its oxygen capacity, in all the specimens of blood. ' Total haemoglobin' (a phrase used here to indicate the aum of ferrohaemoglobin and ferrihaemoglobin, but excluding carbon monoxide haemoglobin) has been determined, again in all the specimens, by a technique which is also based on the oxygen capacity of ferrohaemoglobin. This procedure, developed by various workers from the original of Conant & Fieser (1924-5) , is believed to be sounder than any involving the use of CO, since oxygen is a more specific reagent for ferrohaemoglobin than is CO. The latter combines not only witlh ferrohaemoglobin and a number of haemocliromo-* In order to avoid confusion which might otherwise ensue, the terms ferrihaemoglobin and ferrohaemoglobin are used throughout this paper instead of methaemoglobin and haemoglobin (cf. Coryell, Stitt & Pauliug, 1937). gens, but also with a series of compounds intermediate between these and the bile pigments (Lemberg, Legge & Lockwood, 1941) . A significant difference between ferrohaemoglobin and 'total haemoglobin' may be regarded as being due to the presence of ferrihaemoglobin, especially as the technique for the determination of 'total haemoglobin does not embrace carbon monoxide haemoglobin. Chemical Industries Ltd.).
(5) NaOH and Na,S,04 for the absorption of C02 and oxygen (Peters & Van Slyke, 1932) . Procedure. This description should be intelligible to anyone who is familiar with the manipulation of the Van Slyke manometric apparatus. 1 ml. blood or pigment-solution ts admitted to the extraction chamber from a rubbertipped 1 ml. pipette, and followed by 1 drop octanol. The chamber is evacuated, and shaken gently for 3 min., in order to remove oxygen, which might otherwise interfere with the subsequent reduction. The vacuum is released, the liberated gases are expelled, and the extraction is repeated. If much ferrohaemoglobin is present, the colour of the solution at this point suggests that most of the oxygen has been removed. On the other hand, solutions containing a very high proportion of ferrihaemoglobin contain little oxygen, and the preliminary extraction may be omitted. Experiment has shown that small proportions of carbon monoxide haemoglobin remain unaffected by this extraction of gases.
A few ml. water are poured into the cup, and 0-25 ml. 'titanous citrate' is run into the chamber from a rubbertipped, subdivided 1 ml. pipette. The stopcock is washed through by running in 0-25 ml. water, and the chamber is again evacuated. It is shaken gently for 5 min., during which period ferrihaemoglobin is reduced to ferrohaemoglobin. After the reduction the vacuum is partially released by the admission of mercury, and air is then allowed to fill the extraction chamber at atmospheric pressure. The apparatus is next .haken briskly for 5 min., to ensure the complete oxygenation of all ferrohaemoglobin. At the same time the excess titanium is oxidized to the inert titanic state, a process which occurs very rapidly in the presence of air. When oxygenation is complete, all gases are expelled from the chamber and the cock between the chamber and the cup is closed. 3 ml. K3Fe(CN)6 solution (previously freed from dissolved oxygen by extraction in the Van Slyke apparatus and stored, if necessary, under liquid paraffin for a few hours) are run into the cup, and 2 ml. are admitted to the extraction chamber. The cock is then sealed with mercury. The chamber now contains 3-5 ml. fluid, and the remainder of the analysis is precisely similar to the usual oxygen determination. When the calculation is made, however, there is a small difference. This arises from the fact that to each 1 ml. of pigment solution there has been added 0-25 ml. titanous citrate and 0-25 ml. water before equilibration with oxygen. This means that the 'c' correction must be larger than that used in the straightforward oxygen determination, because it must include oxygen dissolved physically in the additional 0-5 ml. solution. It is necessary to determine the 'c' correction accurately, using 0-25 ml. titanous citrate, 0-25 ml. water (these being equilibrated with air by mixing and shaking in the extraction chamber) and 3 ml. air-free K3Fe (CN it has been rather difficult to check the aqcuracy of the results, but the oxygen capacity after reduction has been compared with the protein-iron content (iron precipitated by trichloroacetic acid).
RESULTS
All figures quoted here have, where necessary, been corrected for dissolved oxygen in accordance with the recommendations of Sendroy, Dillon & Van Slyke (1934) . Table 1 gives the results of the determination of total haemoglobin in 'pure' ferrihaemoglobin solutions, and a comparison of the oxygen capacities found with the protein-iron contents ofthe solutions. The analytical results show clearly that the procedure described is satisfactory for the determination of ferrihaemoglobin. Ferrohaemoglobin and total haemoglobin have been determined in samples of blood from 38 normal human beings, all from males except no. 16, which was from a female. Table 2 gives the results of these analyses, with the differences between ferrohaemoglobin and total haemoglobin calculated as vol. 02 % and also as percentages of the total haemoglobin present. The accuracy of the analyses does not warrant the calcldation of the percentages more closely than to the nearest 0-5 %. In Table 3 are given the results of similar analyses made on 17 samples of blood from apparently normal horses. All determinations, except five marked with an asterisk in the tables, were made at least in duplicate, and some of the more surprising figures in Table 3 
DISCUSSION
The standard error of a single oxygen determination, either before or after reduction with 'titanous citrate', is about 0-06 vol. %. It has therefore seemed statistically sound to conclude that differences between ferrohaemoglobin and total haemoglobin of not less than 1.5%, or about 0-3 vol. %, may be considered real. It is believed that there are no chemical or manipulative groumds to invalidate this conclusion, and, in any case, many of the differences, particularly in the equine analyses, are so much greater than this limit that there can be no question of their reality. The few negative differences recorded in Table 2 are well within the limits of error, and may therefore safely be ignored.
If the above statistical standard be accepted, it then appears that in 21 human cases out of 38, and 14 equine cases out of 17, a significant difference has been found between ferrohaemoglobin and total haemoglobin. Bearing in mind the basis of the analytical methods employed, this is prima facie evidence for the presence, in certain cases, of ferrihaemoglobin, but conclusive proof is lacking. The figures are supported by the similar ones of Ammundsen (1941) , which were obtained by a less specific method, and both sets bear out the contention of Havemann et al. (1939) that human blood may contain ferrihaemoglobin. There remain the contrary findings of Cox & Wendel (1942) , which are difficult to reconcile with those of the other workers. It is true that in none of his samples has the present author been able to demonstrate the ferrihaemoglobin absorption band at about 630mg, but it is now generally admitted that spectroscopic examination for this band is far from being a senrsitive test for ferrihaemoglobin in the presence of much oxyhaemoglobin (cf. Campbell & Morgan, 1939) . Furthermore, it has not so far been posible in this laboratory to make the procedure of Wendel (1938) nearly as sensitive as that author claims.
One,of the most striking observations that has been made in these experiments is that there is a marked quantitative difference between man and the horse. The percentage of horse bloods showing a significant difference between ferrohaemoglobin and total haemoglobin (about 80 %) is greater than that ofhuman bloods (55 %). Moreover, the average difference in such samples between ferrohaemoglobin and total haemoglobin is very much greater (horse 1-58 vol. %, human 0-68 vol. %). Further work on the differences is therefore much easier in the case of horse bloods, and it is mainly as a result of additional work on that species that'additional evidence (described below) has been accumulated. approaches the theoretical value of 22-4 ml. much more closely after reduction with Ti than before. In Table 4 are given some characteristic figures. These are consistent with the hypothesis that some of the iron in horse blood is present in the ferric state, and that it does not oombine with oxygen until it has been reduced to the ferrous condition. Similar results have beeii obtained with human blood, although they are hardly conclusive, since the initial differences between ferrohaemoglobin and total haemoglobin are so much smaller. initially to an oxygen capacity of 17-28 vol. %, and remained virtually unchanged. Although this experiment was done at the temperature of the refrigerator, it has been found that increasing the temperature up to 15, 25 or 370 has no apparent effect .on the increase in oxygen capacity. Neither has the addition of glucose to the blood any influence, a finding which seems related to that of Cox &; Wendel (1942) in their study of experimental ferrihaemoglobinaemia. Similar but less striking results have again been obtained with human blood.
Hence, in spite of the absence of direct spectroscopic evidence, it is difficult to escape the conclusion that most samp1es of horse blood, and a fair proportion of human blood samples, behave as if they contain a certain amount of ferrihaemoglobin. Ha;rdly more than traces have been found in human blood, but horse blood sometimes contains amounts ofthe order of 20 % ofthe total haemoglobin present.
In all cases, however, the ferrihaemoglobin disappears when the blood is kept for some hours or a day or two. SUMMARY 1. A modification is described of the ConantScott-Douglass technique for the determination of total haemoglobin (ferrohaemoglobin plus ferrihaemoglobin, but excluding carbon monoxide haemoglobin).
2. In 21 out of 38 normal human bloods the total haemoglobin has been found to exceed the ferrohaemoglobin by 1-5 % or more.
3. In 14 out of 17 normal horse bloods the total haemoglobin has been found to exceed the ferrohaemoglobin by more than 1-5%. In most cases the differences are far greater than those found in human blood.
4. Circumstantial evidence is presented which tends to confirm the hypothesis that the differences are due to the presence of ferrihaemoglobin.
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